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Abstract 
Solar-assisted post-combustion carbon capture system is studied to compensate the energy penalty of 
coal-fired plant due to absorbent regeneration. The system is highly integrated with the amine-based 
carbon capture process coupled with solar thermal sub-system. The dynamic performance is largely 
affected by the variations of parameters and the fluctuations in solar collectors. An experimental facility 
of solar-assisted chemical absorption pilot with two types of collectors (parabolic trough and linear 
Fresnel) was constructed in this study. The impacts on the absorbent regeneration performance were 
studied on the dynamic variation of the solar heat and the operating temperature of the reboiler. The 
results show that an optimum ration of liquid-to-gas of 2.5-3.0 was determined at the lowest of the 
required regeneration energy. The study suggests that a better understanding of the key parameters 
associated with both capture process as well as the solar assisted sub-system if of importance for the 
overall operation and control. 
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1. Introduction 
Carbon capture and storage (CCS) is one of the most promising technologies which can offset the huge 
amount of CO2 emissions. However, high energy consumption is the main limitation of large scale of CCS 
application, especially for amine based post-combustion capture (PCC) which lead to 19.5% to 40% of 
energy penalty of the original output of conventional power plants [1]. Thus, decreasing energy 
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consumption or introducing renewable energy is good solution to reduce steam extraction in carbon 
capture process. 
Integrating solar energy with carbon capture has been proposed and proved to be a feasible way to 
utilize solar thermal energy for partly or totally offsetting PCC regeneration duty [2, 3, 4, 5]. Li et al. [2] 
proposed the solar assisted post-combustion capture (SPPC) system and performed the effects of climatic 
factors on its integration, Cohen et al. [3] carried out a preliminary feasibility study of a nominal solar 
assisted carbon capture plant based on a very roughly estimated size and cost of solar collectors. Mokhtar 
et al. [4] established an economic cost model to evaluate the net benefit of a solar-integrated 30% MEA 
PCC plant retrofitted to a 300MW power plant in Australia. Qadir et al. [5] analyzed the techno-economic 
effects of location and incentives on solar-assisted PCC technology.  
In the above-mentioned literatures, techno-economic analysis models focused on system integrating 
performance were mainly based on theoretical assumptions and empirical data, the coupling relationships 
between different parts need to be further investigated. Meanwhile, experimental studies of components 
and their integration to the whole system were rarely studied. In this paper, a solar assisted PCC pilot 
equipment was established in the laboratory, using parabolic trough and Fresnel collectors to provide the 
regeneration heat duty. The operation parameters of the PCC pilot are tested and optimized. Additionally, 
the performance of these two types of solar collectors are compared and analyzed. Furthermore, dynamic 
characteristics of solar thermal energy and its impacts on system performance are presented. 
2. Pilot plant description 
2.1. System description 
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Fig. 1. Flow chart of the solar-assisted CO2 capture system and the pilot test facility. 
The scheme of a laboratory pilot plant built in Tianjin University for CO2 absorption and desorption is 
shown in Fig. 1. The absorber and the desorber, both with an internal diameter of 0.150 meter, are filled 
with BX500 Gauze-structured packing, the absorber has a 2.0-meter height packing, and the desorber 
packing height is 1.6 meter. Two types of solar collectors, the parabolic trough collector (PTC) and linear 
Fresnel reflector (LFR), are built to supply solar thermal heat to the reboiler. The gross area of solar 
collectors is 23.5 m2. Both the two collectors are oriented south to north and tracked from east to west. 
Considering the intermittence of solar energy, a 20 kW electrical heater is added between the collectors 
and reboiler to ensure the regeneration when solar energy could not reach the energy requirement. 
2.2. Experimental operating conditions 
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Several campaigns were conducted in this pilot equipment. Pure CO2 and air was mixed as simulated 
flue gas, the flow rate of CO2 was set to 2.0 Nm3/h by mass flowmeter, and the CO2 concentration in flue 
gas was varied from 6.5 vol% to 9.0 vol% by adjusting air flow rate. The flue gas was preheated by heater 
before entering absorber. Monoethanolamine (MEA) was used for the pilot tests with a concentration of 
30 wt%. The solvents were used at a circulation rate of 30-150 L/h. The temperature of lean solvent to 
absorber was controlled by cooling water flow rate. The energy required for regeneration was derived 
from solar energy and auxiliary electrical heater by circulating heat transfer fluid (HTF). 
3. Experiments and results 
For standalone carbon capture system, it has been proved that the operating parameters have 
significant impacts on its performance [6, 7]. Thus, for given pilot plant and input conditions, optimum 
operating parameters can lower the specific energy consumption. Meanwhile, when integrated with solar 
thermal system, the performance of solar collectors will not only affect the gained energy but the 
capacities in assisting CO2 capture. Higher solar collector efficiency means more thermal energy will be 
converted from solar irradiation, and less collector areas to be needed. Furthermore, the dynamic 
properties of solar collectors will result in fluctuations of CO2 capture process.  
3.1 System parameters analysis at steady state 
CO2 absorption and desorption integrated with solar collectors can provide intermittent energy. For 
CO2 capture unit itself, important operating parameters, such as desorption pressure, temperature, and 
solvent flow rate, are sensitive to each other. In order to measure the energy consumption of the reboiler, 
and optimize the system operating parameters, a matrix of pilot tests was arranged and carried out. In the 
experiments, the flue gas flow rate was kept constant, while the solvent flow rate was varied. Therefore, 
the ratio of the liquid and gas flow rates, L/G ratio, was varied. 
Fig. 2 shows the effect of L/G ratio on CO2 removal rate. L/G ratio is an important parameter in wet 
column which explains the liquid flow as a function of the treated gas flow rate. In terms of given flue gas 
flow rate, increasing solvent flow rate, namely, the L/G ratio, will improve CO2 removal rate, and lower 
the CO2 concentration in exhaust gas. Meanwhile, it is noted that with the further increasing in L/G ratio, 
the CO2 removal rate changes slightly and reaches saturation.  This can be explained by the balance line 
and operating line equation. Increasing L/G means enlarge the gap between balance line and operating 
line, which enhances the absorption process. When L/G ration reaches to a certain value, the cohesion of 
droplets begin to form, the effective area of gas-liquid tends to be saturated, so the CO2 removal rate 
remains unchanged. 
Fig. 3 shows the specific regeneration energy with the variation of L/G. For 30 wt% MEA, the specific 
regeneration energy falls and then rises with the increase of L/G ratio. The minimal specific regeneration 
energy is approximately 4.0 MJ/kg CO2 at an L/G ration between 2.5 and 3.0. In comparison, minimal 
specific regeneration energy of 3.8 MJ/kg CO2 with L/G ratio of about 2.1 was given by Hasse [6] and 3.6 
MJ/kg CO2 with L/G ratio of 3.0 l/m3 by M. Rabensteiner et al. [7], respectively. Also, M. Rabensteiner 
gave the details of the explanation.
 Fu Wang et al. /  Energy Procedia  75 ( 2015 )  2246 – 2252 2249
                               
Fig. 2. Influence of L/G ratio on CO2 removal rate                                   Fig. 3. Influence of L/G ratio on regeneration energy 
The influence of L/G ratio is also reflected on absorber temperature profile as shown in Fig. 4. To 
compare the influence of CO2 removal rate on temperature profile, two typical operating campaigns were 
chosen to analysis. The highest temperature is in the middle of the packing for different removal rate 
which suggests an intense release heat of reaction. Increasing the removal rate enhances the reaction of 
CO2 with absorbent. In the top part of the column the temperature is lower than the middle temperature 
due to heat transfer from the liquid to the flue gas. In contrast, the temperature profile in desorber for 
different removal rate (as shown in Fig. 5) is not corresponding to that in absorber. High removal rate 
indicates low temperature profile, this is because in low removal rate, less CO2 is released in desorber, 
The heat transfer between rich solvent and CO2 is weakened. Meanwhile, to maintain the pressure of 
desorption, more vapors will evaporate and the CO2 partial pressure will decrease. In this case, more 
specific regeneration energy will be consumed. 
                      
Fig. 4. Absorber temperature profile on CO2 removal rate                      Fig. 5. Desorber temperature profile on CO2 removal rate 
3.2 Solar collector assisted CO2 capture 
The solar field in this pilot system is composed of parabolic trough collector and linear Fresnel 
reflector in parallel. These collectors concentrate the solar radiation to heat HTF to about 140 oC and then 
HTF goes to the reboiler for CO2 capture.  
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Fig. 6 shows the direct normal irradiation (DNI) and the comparison transient efficiency of PTC and 
LFR it is obvious that the efficiency of PTC is higher than that the LFR, and less efficiency fluctuation of 
PTC than that of LFR. The lower of efficiency of LFR is limited to its structure due to the unreasonable 
design and the serious shadow loss among reflectors. The absorbed energy by solar collectors and the 
solar thermal energy assisted CO2 capture are presented in Fig. 7. The thermal energy absorbed by 
collectors depends on solar irradiation, ambient temperature, incidence angle and wind velocity and varies 
significantly with time. The absorbed thermal energy by independent PTC or LFR is insufficient for 
reboiler heat duty, while the total gained energy has the ability to meet most of the heat duty requirement 
though in low solar irradiation. However, it is noted that, after integrated with carbon capture system, 
strong disturbance appears due to the unsteady heat flow to reboiler. As a result, the system operating 
parameters deviate from the optimum value, and the increase in heat duty.  
      
Fig. 6. Transient DNI and collector efficiency of PTC and LFR             Fig. 7. Absorbed energy by solar collectors and comparison 
of total reboiler duty with solar thermal energy 
3.3 System response on variant heat injection 
For solar driven CO2 capture system, the dynamic variation of solar radiation has direct impact on 
HTF temperatureˈand then the reboiler heat gain In order to further investigate the impact of the 
dynamic variation of solar thermal energy on system operation, the step change of HTF temperature was 
carried out by controlling auxiliary heater regularly.
The system responses were observed as shown in Fig. 8. The step change of HTF temperature causes 
the corresponding response of desorber pressure, reboiler heat duty, and the same as solvent flow rate 
though with some disturbance. Since the stripper pressure is higher than the absorber pressure, the step 
change of stripper pressure breaks the balance of rich and lean solvent flow rate. When the stripper 
pressure is increasing, less rich solvent flows into stripper, while more lean solvent flows out, and vice 
versa when the stripper pressure decreases. 
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Fig. 8. Dynamic response of HTF temperature, desorption pressure, heat duty and lean solvent flow rate 
Meanwhile, it is obvious that there exists thermal lag between reboiler, the response of HTF outlet 
temperature is slower than the inlet temperature, which means that its temperature difference is varying. 
This change has significant impact on the specific regeneration energy. In the top of the curve, though the 
temperature difference becomes to the maximum value, while CO2 removal rate is still increasing due to 
response lag, this results in step change of specific regeneration energy and relatively higher average heat 
duty. 
4. Discussions 
Using solar thermal energy for carbon capture is a novel integration scheme. Parabolic trough 
collectors and linear Fresnel reflectors are both good choice coupling with carbon capture. Though the 
efficiency of LFR is lower than that of PTC, the simpler structure and lower cost compared with PTC can 
offset its deficiency. However, it is highlighted that the direct integration of solar collectors have 
significant impact on system operation, the flexible of solar thermal energy causes the huge disturbance 
of carbon capture system, and even the collapse. Meanwhile, although the step change of HTF 
temperature can maintain system operate some time; the overall heat duty will be increased obviously. 
Thus, this coupling scheme needs to seek for solutions to solve stable solar energy or the system control 
strategies in response of dynamic heat source. 
Conclusion 
A pilot test system with a solar-assisted post-combustion carbon capture was developed to demonstrate 
the feasibility of the integrated system. A matrix of experimental tests was carried out to optimize the 
operating parameters and required energy consumption. L/G ratio has significant impact on specific 
regeneration energy, the minimal required energy demand for solvent regeneration for 30 wt% MEA in 
the pilot test at given flue gas flow rate was approximately 4.0 MJ/kg CO2, and the optimal L/G ratio was 
gained at 2.5-3.0 kg/kg.  
Two types of solar collectors were used to gain the required thermal energy of reboiler. Both the PTC 
and LFR have the ability to provide the required temperature heat source. The efficiency of PTC was 
higher than that LFR, and less sensitivity to solar radiation. With the solar assisted capture test, the solar 
thermal energy can provide most of the reboiler duty, while system fluctuations were also observed which 
increased reboiler heat duty. 
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Transient response tests were conducted with a temperature step change in HTF, the tests investigated 
the dynamic behavior of the key process variables, such as the desorber pressure, regeneration energy and 
solvent flow rate response to the changes of heat transfer fluid temperature, the process gains for the 
desorber. 
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